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The Mechanical Behavior of Jointed Rock Masses by Using PFC2D

Eui-Seob Park and Chang-Ha Ryu

Abstract Although the evaluation of the mechanical properties and behavior of jointed rock masses is very important
for the design of tunnel and underground openings, it has always been considered the most difficult problem. One
of the difficulties in describing the rock mass behavior is the selection of the appropriate constitutive model. This
limitation may be overcome with the progress in discrete element software such as PFC, which does not need the
user to prescribe a constitutive model for rock mass. In this paper, a 30 m X 30 m X 30 m jointed rock mass
of road tunnel site was analyzed. A discrete fracture network was developed from the joint geometry obtained from
core logging and surface survey. Using the discontinuities geometry from the DFN model, PFC simulations were
carried out, starting with the intact rock and systematically adding the joints and the stress-strain response was
recorded for each case. With the stress-strain response curves, the mechanical properties of jointed rock masses
were determined. As expected, the presence of joints had a pronounced effect on mechanical properties of the rock
mass. More importantly, getting the mechanical response of the PFC model doesn't require a user specified

constitutive model.
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Fig. 1. Calculation cycle in PFC2D(Itasca, 1999)

contact bond

models adhesion over vanishingly smail area of contact point
(does not resist moment)
breaks ifnormal or shear force exceeds bond strength

paraliel bond

models additional material deposited after balls are in contact
(does resist moment)
breaks if normal or shear sivess exceeds bond strength

Fig. 2. Bonding logic of bond model(Itasca, 1999)
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Fig. 3. Constitutive behavior for contact occurring at a point
(Itasca, 1999)
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Fig. 5. Sketch of a biaxial and brazilian test environment in PFC modeling(Itasca, 1999)
Table 1. Microparameters for a parallel-bonded PFC intact rock model

microparameter value remarks
Rip{tam) 100.0 min. ball radius
Ruin / Ruon 1.66 min/max
Particle density, o(kg/m') 2,660
Particle contact modulus, Ec(GPa) 38.0 ball property
Particle normal/shear stiffness, Kn / Ks 3.0 "
Particle friction coefficient, u 0.50 "
Particle bond radius multiplier, 1 1.0 "
Parallel bond normal/shear stiffness, Kn / Ks 3.0 bond property
Parallel bond modulus, Ec(GPa) 38.0 "
Parallel bond normal strength, o.(MPa) 105£10.5 "
Parallel bond shear strength, 7.(MPa) 105£10.5 "

Table 2. The mechanical properties between lab test and PFC modeling

Item Lab test T PFC modeling Remarks
Young's modulus(GPa) 41.3 41.1%1.2 5 times analysis
Compressive strength(MPa) 150.0 1518113 "
Poisson's ratio 0.24 0.237%0.02 "
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Fig. 6. PFC model for intact rock
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Fig. 7. Damage and stress-strain curve in PFC model at
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Fig. 9. PFC models for jointed rock masses with regard to tunnel intersection at each 20° rotation angle

3l524l, Fdete] g = PFC YAk2d2 PFC 74
eF =2 o]AlE/d(micro-properties)& IHE 283}

o, dajof| == PFC YAEEL FEY o) H]
sto] A3t ofet B4 7K BR o) ghgste] 54
2oy 1/109] sfgshe miAE/dS 28315tk Table 3).

oo} Zo] A Hejrde] tis] FAU9 A
Y EARSl FU o E dEGEAFEY 4R mAL
£ 5310 20° A=HE HEA P, AW, Lokdy|
9 o3 £/49& FStYTable 4, Fig. 10), 5 =
AL DEltle olEUSFAIPY] FRRANE B3] Mohr-
Coulomb #}¥]7]&0] gvel= Z2he 9 Winpzaz)
& A3l Table 5).

Fig. 11 PFC Gejost melo] ol 2418 o
o whaid Be wazEE pea ghtmde] WA 9
AtE 2Y-RYE DS BT, Tol Bl
o o] wtuwe mAtzjo] whet wsty WelWE wet
A F2 IS, N SATAL AHR: g
ShU% FEst 32| gashe AR 2w
37t tha A S} ASS HoIZT Yok ol
Esto] Quhe] EAsts Aele] BHL ete] ofst
% S4B ofet GYAFE FHS HS T 5
ot

Table 3. Microparameters for a parallel-bonded PFC joint model
microparameter value remarks
Particle contact modulus, Ec(GPa) 3.8 ball property
Particle normal/shear stiffness, K» / Ks 2.5 "
Parallel bond normal/shear stiffness, Krn / Ks 3.0 bond property
Parallel bond modulus, Ec(GPa) 3.8 "
Parallel bond normal strength, o (MPa) 10.5 "
Parallel bond shear strength, r.(MPa) 10.5 "
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Table 4. The mechanical properties estimated by PFC modeling

Rotation Angle Deformation modulus(GPa) Maximum strength(MPa) Poisson’ s ratio
0° 18.77 64.19 0.200
20° 18.48 50.67 0.316
40° 21.27 51.94 0.295
60° 22.09 46.79 0.287
80° 21.54 45.24 0.312
100° 21.34 46.79 0.296
120° 21.65 45.69 0.295
140° 21.02 52.07 0.290
160° 19.01 54.41 0.218
Average 20.57+£1.48 50.86£5.96 0.279£0.04
Deformation modulus Maximum Strength
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Fig. 10. Estimated deformation modulus and maximum strength of rock masses with different rotation angle

Table 5. The mechanical properties calculated under three different conditions of confining pressure

. Deformation Maximum strength . , . R .. R
Confining pressure modulus(GPa) (MPa) Poisson’s ratio Cohesion(MPa) Friction angle(*)
S3 = 0.0 MPa 21.02 52.07 0.290
S3 = 2.5 MPa 21.60 60.66 0.277
11.20 41.04
S3 = 5.0 MPa 22.06 70.18 0.271
S3 = 10.0 MPa 22.89 87.14 0.259
S "'f;%

(a) Rotation angle 0°

Fig. 11. Damage and stress-strain curve in

EL)

ES)

(b) Rotation angle 20°

PFC rock mass model at post-peak load
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